Building Information Modeling (BIM) is an integrated and comprehensive system for all that related to the construction project, which includes a set of effective policies, procedures, and computer applications that increase the performance of the project during its life cycle. The objective of this research develops a clear concept about the BIM adoption in Iraq through investigating potential benefits that can be obtained through its application in construction projects also build a measurement model for these benefits. The research methodology was based on quantitative approach which adopted by conducting a questionnaire directed to professionals in the field of construction projects in the public and private sectors supported by personal interviews with respondents either individually or in groups. Three hundred copies of the forms were distributed to the companies, firms and engineering departments of the various ministries of the state. After the data was obtained, two software (SPSS and SmartPLS) was used for analyzing the data and constructing the measurement model. The results showed of all the benefits constructed within three key components. The first is knowledge support for management in term of (costs, data, processes), the second is effective design performance and the third is effective construction performance and all these components were modeled as a measurement model.
Introduction
The construction industry has witnessed a paradigm shift that will achieve the highest productivity, efficiency, quality, sustainability, and the value of infrastructure and reduce the costs of the life cycle as well reduce time [1] . This is consistent with what Azhar [2] said says about construction industry tends to adopt techniques that reduce the cost of the project, increase the productivity and quality of the project and reduce the project time.
One of these techniques is building information modeling (BIM) which is a technological and procedural shift in the construction industry [3] . Actually, the evolution of computer science as well as information technology has caused a positive change in the processes of most industries [4] .
BIM is an advanced process and tool consisting of a combination of virtual aspects, systems and concepts facilitated within a unified environment [5] . It includes the application and keeps of integrated digital representation of different information across different project stages [6] .There are many BIM applications [7] which can be used to support
Research Background
The benefits of BIM have been studied previously by a number of researchers. CRC Construction Innovation [11] indicates that the accurate representation of the building within an informative environment is one of the most important benefits of BIM and this study was interested in showing the benefits of BIM through its application in a project, but discussed the benefits within a certain stage of the project. Through BIM visualization, it is possible to see the design in detail in a more comprehensive way [14] . This visualization is not confined to the form of the building only, but also helps to understand the sequence of project activities within the duration of the project overall. Recently, the BIM has provided a great service to designers of complex buildings such as buildings with free form surfaces where they can be represented and visualize their design with more efficient way [15] and this study has reviewed several of the previously published BIM implementation plans, it has not been shown in detail in the study of the benefits of PIM, which is one of the important drivers of PIM implementation.
Azhar [16] indicates through its study which dealt with very important aspects of the application of BIM that the design processes have become more efficient by using the BIM, which gave the possibility of dealing with the intelligent environment design allows to simulate the model quickly and benchmark the performance. In a related context, different design alternatives are available for study faster by the BIM, giving the possibility to make informed decisions regarding different alternatives and to study multiple scenarios of the building [17] .
Another significant concept in the BIM is that it deals with objects rather than three-dimensional forms, but it has its own characteristics and materials. In this way, the environment is flexible, so a change in a one location automatically followed by changes in the objects which are associated with this change [18] . On the other hand, the BIM allows easy and quick extraction of any sections and plans of the building without the need to draw them [16, 19] . These benefits were studied only for a specific phase of the project, which is the design phase.
One of the key benefits offered by BIM is the integration of stakeholders during different project phases and the imposition of a cooperative working environment among them to expand area of interest. Furthermore Holness [20] explains through its study which integrating between (BIM) and intelligent document technology that the feature of clash detection in BIM helps to detect conflicts in the early stages before the actual construction and as a result, the orders of change, which arises largely due to errors design will be avoided. BIM also has high accuracy in estimating quantities and costs [21] .
The use of BIM in projects enhances the productivity and quality of the project and saves time and money. All these factors are the focus of customer satisfaction in executing a successful project [22, 23] , but studying such factors requires their actual application to a construction project to demonstrate these benefits as numerical values.
BIM presents opportunities for contractors to simulate and analyze work in a virtual environment for improving safety performance and identifying problems before they occur according to this workers and staff can avoid the risks and manage the site in optimist way. On the other hand, about the supplier, the BIM provides a service to him by informing him with accurate data about the quantities of materials at an early stage so that he can put the appropriate quantity at the right time without delay. This point serves the work site also because it regulates the arrival of quantities in a timely manner not less than the need and no more than the need [24] . Through the database provided by the BIM, the operation and maintenance of the building became easier than before through the BIM model, one click on any part or equipment giving full details about it this is what Sebastian [25] said it through its study, but it has been study only the hospital construction projects and what the BIM is doing for them.
Through BIM, there is quality in completeness and storage of project data, sharing and utilizing them at any stage of the project [26] . For sustainability, BIM has provided services in the area of sustainable design, including the possibility of analyzing the building's energy, reducing construction waste and managing it and other aspects [27] .
Research Methodology
This paper studies potential benefits of BIM in Iraqi construction project. The research includes three basic stages which can be summarized in the following points: b) The questionnaire was distributed to the whole sample c) After that questionnaire data was organized and prepared for statistical analysis.
d) The last stage is the discussion of what has been obtained from the results and build the conclusions. Figure 1 illustrates the research plan. The data were collected using the field survey through the design of a special questionnaire for this purpose as it mentioned previously, and this questionnaire distribute to the professionals working in the Iraqi construction sector in both public and private sectors (in Diyala Governorate as a case study). Respondents explained their views in a set of items in the questionnaire, where 300 questionnaires were distributed, and the total return was 273 be response rate 87.7%. with 11 incompletes, so the final number of forms is 262 forms. The questionnaire included two main parts: the first part is the personal information regarding the respondent including (gender, age, academic qualification, specialization, group and work experience). The second part included 24 items shown in Table 1 representing the BIM potential benefits which used in questionnaire and designed by the five-Likert scale [28] as follow:
1. Extremely high benefit; 2. High benefit; 3. Moderate benefit; 4. Low benefits; 5. Extremely low benefit.
After the collection of the questionnaires, they were arranged, unloaded and analysed using the Statistical Packaging for Social Science (SPSS) software version 24 and SmartPLS version 3.2.6 to execute exploratory factor analysis and confirmatory factor analysis to build the measurement model. 
Factor Analysis (FA)
Factor analysis is a systematic statistical method which aims at reducing a large number of observed variables to a smaller number of non-observed variables (factors) [29] [30] [31] and is present in the SPSS under the name of "Dimension Reduction" which reduces and summarizes the variables to certain factors [31] .
Factor analysis has become one of the most widely statistical methods used in several fields such as philosophy, public health, social sciences, political science, administration, education, etc. [30] . There are two type of factor analysis (exploratory and confirmatory).
Exploratory Factor Analysis (EFA)
It is used to detect the structure in which variables are organized within a number of factors [32] In other words, there is no idea about how the variables will be distributed on the factors.
The studied variables must be subject to a set of characteristics with certain conditions to have true EFA. These characteristics will be clarified with their condition:
1-KMO value (Sufficient sample size) : KMO value is (Kaiser-Meyer-Olkin) value which determines whether the size of the sample is suitable for the EFA, KMO value range is from 0 to 1 and the sample size is sufficient and the value of the KMO is acceptable if it exceeds 0.6 [31] . 7-Factor rotation: Rotation of elements is the process of making the extracted factors more susceptible to understanding and explanation. This process does not result in any change in the underlying solution in terms of mathematics and one of the most important methods of factor rotation is the orthogonal rotation -Varimax [31] .
8-Factor naming: After the EFA is done, the extracted factors are anonymous so each factor should be named according to the variables that are Contributed on it
Confirmatory Factor Analysis (CFA)
It is the second type of factor analysis which deals with the previously explored model of measurement to accept or reject the model [36] .
Schumacker [37] indicates that the CFA is a type of Structural Equation Modeling (SEM), which is known as a statistical technique for creating statistical models, which tend towards the confirms of these models rather than the explores of them.
The confirmatory factor analysis was done by building and testing a second order measurement model according to hypothesized models shown in Figure 2 for each BIM potential benefits items. SmartPLS version 3 (latest version) software was used.
According to Hair [38] the second order model is also called Higher Order Construct (HOC). The model type is reflective-formative model. Hair [38] distinguished between the criteria for examining the model in the case of reflective and formative. The assessment process of Second order reflective-formative model includes two stages:
Stage One: Assess Lower Order Model (Reflective)
When construct causes indicators and the indicators are interchangeable this mean that construct is reflective [38] . The assessment of the reflective model includes two basic criteria: the first is the achievement of convergent validity and the second is the achievement of discriminant vanity [38] . 
Average Variance Extracted (AVE)
: it is a measure of the extent to which constructs are interpreted for the variation of their indicators. The value of AVE must be higher than 0.5 to be considered acceptable.
3. Composite Reliability (CR): it is a more advance measure rather than alpha-Cronbach to measure internal consistency because it considers the differing of factor loading.
Discriminant validity is a measure of the extent to which one construct distinguishes from the rest of the constructs and the detection of whether constructs are supposed to fall into one construct because there is no differentiation between them [38] .
The most recent method of assessing discriminant validity is the method of Heterotrait _Monotrait [39] a newly discovered method mentioned also by [40] and incorporated into the SmartPLS software. Based on this method, the value of HTMT index which is extracted from model must be less than 0.9 according to HTMT0.9 [39] .
Stage Two: Assess Higher Order Model (Formative)
When indicators causes construct and the indicators is not interchangeable this mean that construct is formative [38] The assessment of the formative model includes two basic criteria: the first is the assess of Collinearity issues and the second is to assess of outer weight [38] .
Collinearity issues: When the correlation between the two indicters of the Formative is a high correlation model
indicating that there are Collinearity issues and to examine the model according to this case, a special coefficient of tolerance called VIF (variance inflation factor) must between (0.2 -5).
Outer weights:
The evaluation of the outer weights gives an indication of the relevance and contribution of the indicators of the formative model. For the purpose of evaluating this point, the results of the bootstrapping should be evaluated for each of the indicters. The P-value of the outer weights must be statistically significant (less than 0.05 for significant level 5%) t statistic must be also statistically significant (greater than 1.96 for significant level 5%).
Bootstrapping refers to a large number of (subsamples) extracted from the (original sample) and it is recommended to use 5,000 subsamples [38] . Figure 3 demonstrates the concept of bootstrapping. 
Results and Discussion

General Information for Respondents
The demographic characteristics of target respondents shown in Table 2 
EFA Analysis
As mentioned earlier the FA aims at reducing the number of observed variables to a smaller number of non-observed variables (factors). For the items allocated to measure the potential benefits of BIM which is 24 items, The EFA will show the structure under which these items are grouped into certain factors. The following results represent the results obtained from EFA:
KMO Value and Bartlett's Test
KMO value refers to the adequacy of the sample size and the value of Bartlett's test indicating the adequacy of the correlation, which are important conditions that must be met before the application of the EFA. Table 3 shows the results of these tests. The results showed that KMO value is good because the minimum allowed is 0.6, also the value of Bartlett's Test is significant because of it less than 0.05. Thus, the data are appropriateness to completion other steps of the EFA.
Correlation Matrix
The correlation coefficients between the items varied and greater than 0.3 and not exceed 0.9 that which gives an impression of variation in the general data structure to conduct EFA.
Communalities
The common values (Communalities) obtained from the EFA ranged from 0.407 to 0.735. As previously mentioned, the values of the common represent the contribution of the variable in the interpretation of the variance in extracted factors. Since the values obtained are greater than 0.4 and not more than 1, they are acceptable values.
Factors Extracting
To extract the factors, the principal components method PCA and the Kaiser rule were used. Three factors were extracted according to Kaiser's rule. The eigenvalue of the extracted factors should be greater than 1. The ratio of total explained variance is 54.861 to the three factors of the first factor (43.985), the second factor (6.724) and the third factor (4.152).
The Cattell's scree plot is one of the outputs of EFA and it confirms the application of Kaiser's rule in selecting the number of factors where the eigenvalue at 1 value gives three factors. Figure 5 shows Cattell's scree plot. 
Explanation of Factors
Factor rotation helps to understand the distribution of variables on the extracted factors. Varimax with Kaiser Normalization used as a rotation method and Table 4 shows the results of the rotation of the three factors. It was found that the highest loading value for each variable on a given factor within the acceptable limits [41] stated that if the sample size exceeded 250 and did not exceed 350 the lowest acceptable load is 0.35. 
Naming of Factors (Components)
One of the EFA analysis advantages is the possibility of giving a name to the extracted factors and this name must be based on the items contained in the factor. Table 5 shows the names of each factor. 
Confirmatory Factor Analysis (CFA)
The confirmatory factor analysis (CFA) was executed using the measurement model in the SmartPLS 3.2.6 software. Afthanorhan [42] indicates that Smart PLS provides reliable and valid results in the CFA analysis. The model is second order model as shown Figure 5 which illustrates the model before executing analysis.
The repeated indicators approach used for the repeated items [43] . According to this approach the main latent variable (BIM Potential Benefits) includes all indicators of its latent variables (BF1, BF2, BF3). Latent variables (BF1, BF2, BF3) set as reflective while latent variable (BIM potential benefits) set as formative.
The assessment of measurement model for the potential benefits of BIM as mentioned consists of two stages:
Assessment of 1st Order (Reflective Model)
The first stage (reflective model) was assessed by two criteria: convergent validity and discriminant validity.
Convergent Validity
Convergent validity has been assessed by three basic criteria as previously mentioned to these criteria are (factor loading , AVE and CR) .Factor loading As shown in Figure 7 , which represents the results of the PLS algorithm for BIM potential Benefits model the loading factor values ranged between 0.631 and 0.819, 18 from 24 indicators loaded above 0.7 and the remaining six are within the range (0.4-0.7) and there is no unacceptance factor loading (0.4) .As [38] indicated that the value of CR and AVE should be checked if it is below the required limits for indicating the effect of deleting (0.4-0.7) factor loading of the factors on them if they are less than required. In Table 6 , which shows the values of the measurement model results, the results of CR and VIF are basically more than the required limits. Therefore, no indicators from the model should be deleted, Therefore the Factor loading for BIM potential benefits is verified and within the required limits. 
. Discriminant Validity
The second criterion in evaluating the first stage of the model is the discriminant validity. The method of HeterotraitMonotrait was used for assessing the discriminant Validity of the model. In accordance with the HTMT0.9 criterion, the results of discriminant validity in table 7 are considered acceptable results because it is less than 0.9. Therefore, the model has a discriminant validity between its three factors. 
Assessment of 2nd Order (Formative Models)
The assessment of the second order formative model includes two basic criteria, as mentioned earlier. The first criterion is VIE value, which examines the model relative to the issue of collinearity. The second criterion measures the relevance and significance of outer weights by using p-value and t statistic value. Table 8 represents the results of the second order reflective model assessment. 
Conclusions
There is no measurement model for BIM application benefits. The measurement model was developed during this study. The results showed that the benefits of BIM were made up of three main components. The first component is "knowledge support for management in term of (costs, data, processes)" Which is concerned with the benefits that contribute to supporting the project management well to reach a successful project.
The second factor is "Effective design performance" and the third is "Effective construction performance" It was explained how to use items in the lower and higher orders as a hierarchal component models. No items have been removed from any construct (BF1, BF2 and BF3) where all items are subject to the statistical criteria of the model and no item penetrates these criteria and this gives an indicator from a purely quantitative perspective that the model provided an advanced validation tool for study results. The high flexibility offered by the BIM design so that the change in a particular location of the design followed by automatic change in all variables associated with it 
